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Table1 Chemical composition of Al-Zn-Mg-Cu-Sc-Zr alloy (wt%)

Alloy Zn Mg Cu Zr Sc Al
Al-0.1Zr-0.02S¢ 577 121 1.51  0.10 0.02 Bal
Al-0.1Zr-0.07Sc¢ 584 122 158 0.10 0.07 Bal
Al-0.1Zr-0.12S¢  5.63 120 1.60 0.10 0.12 Bal
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Fig.1 OM microstructures of as-cast Al-Zn-Mg-Cu-Sc-Zr aluminum alloy with different Sc contents: (a) 0.02%, (b) 0.07%, and (c) 0.12%
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Fig.2 Microstructures of Al-Zn-Mg-Cu-Sc-Zr aluminum alloy with different Sc contents after homogenization treatment: (a) 0.02%, (b) 0.07%, and (c) 0.12%

K3 ARGTE & Al-Zn-Mg-Cu-Sc-Zr S84 &4 AN R ) 5140 AL B (19 SEM JE 3
Fig.3 SEM morphologies of Al-Zn-Mg-Cu-Sc-Zr aluminum alloy with different Sc contents after different homogenization treatments:

(a) 0.02%, 470 °C/1 h; (b) 0.07%, 470 °C/1 h; (c) 0.12%, 480 °C/1 h
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Table 2 EDS analysis results of different marked positions in

Fig.3 (wt%)
Position Al Zn Mg Cu Zr ZrSc
A 54.7 2.1 3.0 6.4
B 63.9 5.8 2.8 32
C 87.8 3.8 2.3 22
D 59.1 3.8 1.6 18.6 6.3 8.2
E 56.5 5.1 1.1 20.2 4.8 8.7
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Fig.4 OM microstructures of Al-Zn-Mg-Cu-Sc-Zr aluminum alloy with different Sc contents after rolling: (a) 0.02%, (b) 0.07%, and (c) 0.12%
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Fig.5 OM microstructures of Al-Zn-Mg-Cu-Sc-Zr aluminum alloy with different Sc contents after rolling+T6 heat treatment: (a) 0.02%,

(b) 0.07%, and (c) 0.12%
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Fig. 6 TEM image of Al-Zn-Mg-Cu-Sc-Zr aluminum alloy with addition of 0.02% Sc after rolling+T6 heat treatment: (a—b) intragranular
precipitates; (c) SAED patten; (d—e) dislocation distribution
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Fig.7 Microhardness of as-cast Al-Zn-Mg-Cu-Sc-Zr aluminum alloys

with different Sc contents
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Fig.9 Microhardness of Al-Zn-Mg-Cu-Sc-Zr aluminum alloys with

different Sc contents after rolling
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Fig.8 Microhardness of homogenized Al-Zn-Mg-Cu-Sc-Zr aluminum JEHZ N 21%,. 24 Sc & BRI, — 7 X4 4 si ki 4
PRI BORBLES » FRLBOR 20 R LB 55, & B R AN

alloys with different Sc contents
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Fig.10 Room temperature tensile properties of Al-Zn-Mg-Cu-Sc-Zr

aluminum alloy with different Sc contents after rolling
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B 11 RESTE & Al-Zn-Mg-Cu-Sc-Zr #7344 L 5 Sk 25
Fig.11 Tensile fracture morphologies of Al-Zn-Mg-Cu-Sc-Zr aluminum alloys with different Sc contents after rolling: (a) 0.02%, (b) 0.07%, and

(¢) 0.12%
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1E 120 CUERTZCRAS T 5 BT Sc Ml Ze X258 07 1 45 6 e i

700 —— 28
< \.\'
=W
S 600t B
= - 124 &
5 E
2500} g
7 P 2
% 20
£ 400t
= —s— Tensile strength

—=— Elongation
300 16

0.I02 0.67 0.I12
Sc Content/wt%
B 12 AR Al-Zn-Mg-Cu-Sc-Zr #5844 5L +T6 AL FL 5 )
Fim PR
Fig.12 Room temperature tensile properties of Al-Zn-Mg-Cu-Sc-Zr
alloys with different Sc contents after rolling+T6 heat

treatment
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Fig.13 Fracture morphologies of Al-Zn-Mg-Cu-Sc-Zr aluminum alloys with different Sc contents after rolling+T6 heat treatment: (a) 0.02%,

(b) 0.07%, and (c) 0.12%
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THI58 TN 5LHIE A &4 T ARG , 55 M [
B FE AR BRAE AR T 20 /N R O A AR L A T 3 R A A

n MR B A A RCR ) AL(Se,Zn)AH .

3)T6 HAbFH 5 ) Al-Zn-Mg-Cu-Sc-Zr 45 & 4 AE I 2%
Fr o R T T B A SR A AE I AL(Se, Zo) A A A8
H 72 B & Bt & & 10 3% 0, Al-Zn-Mg-Cu-Sc-Zr & &
AL(Sc,Zr) FEAH] 5 FEAT H B 5, AL(Sc,Zn) B & Fr 4
AT FUALES R 5 A R 55 T o R S AP 7 R 1 1)
SRR
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Microstructure and Properties of Al-Zn-Mg-Cu-Zr Alloy with Low Scandium Content

Zhu Biwu'?, Xiao Gang’, Liu Xiao', Ye Fan', Zhang Wei’, Cui Xiaoli*, Zhan Haihong®, Liu Wenhui'
(1. School of Marine Equipment and Mechanical Engineering, Jimei University, Xiamen 361021, China)

(2. Hunan Engineering Research Center of Forming Technology and Damage Resistance Evaluation for High Efficiency Light Alloy Components,

Hunan University of Science and Technology, Xiangtan 411201, China)

(3. Jiangxi Copper Technology Research Institute Co. , Ltd, Nanchang 330096, China)

(4. School of Materials Science and Engineering, Guangdong Ocean University, Yangjiang 529500, China)
(5. Light Alloy Research Institute, Central South University, Changsha 410083, China)

Abstract: The relationship between the mechanical properties and precipitation behavior of Al-Zn-Mg-Cu-Zr aluminum alloys with low Sc

content (0.02wt%, 0.07wt%, 0.12wt%) was investigated by OM, SEM, TEM, and universal material testing machine. With the increase in Sc

content, microstructure of as-cast alloy is gradually refined, and the coarse secondary phase at the grain boundary increases, thus weakening the

effect of fine grain strengthening. In the alloy at rolling+T6 state, the Al,(Sc,Zr) phase inhibits the precipitation of the main strengthening phase 7',

and the inhibition effect becomes more obvious with the increase in Sc content, thus weakening the precipitation strengthening effect. The grain

refinement is conducive to the formation of more and finer dimples during the tensile deformation, thus improving the ductility of the alloy. The

low Sc content alloy (0.02wt% ) shows the excellent mechanical properties after rolling and T6 heat treatment, whose tensile strength and

elongation are 683 MPa and 21%, respectively.

Key words: scandium (Sc); aluminum alloy; rolling; mechanical properties; Al,(Sc,Zr) phase
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